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Preface 



While studying and teaching Methods of Mathematical Modelling of Economic Pro- 
cesses , I have been confused about some discrepancies between various parts of the 
economic theory. There was an impression that the economic theory exists in inde- 
pendent fragments. Especially upsetting for me, a person who began the study of 
economic theory with Das Kapital , was the fact that Marx’s theory seems to have 
no concern in mainstream economics. 

I realised later that I was not the sole person to feel a deep dissatisfaction with the 
situation with the economic theory and its ability to describe reality. To say nothing 
of the numerous papers, there are many books devoted to a critique of mainstream 
economics (Nelson and Winter, 1982; Komai, 1975; Beaudreau, 1998; Keen, 2001). 
There is a special online Real-World Economics Review (http://www.paecon.net/) 
opposing the mainstream theories. The people who are engaged in ecology are tra- 
ditionally confronting the conventional economic thinking and are looking for phys- 
ical terms to explain the phenomena of production (Costanza, 1980; Odum, 1996). 
Some physicists are trying to find new approaches to the analysis of economic situ- 
ations (Mantegna and Stanley, 1999). 

This book contains no critique of any theories. It is devoted to understanding the 
principles of production and contains a consecutive exposition of the technological 
theory of social production, which can also be understood as the theory of produc- 
tion of value. In the foundation of the theory are laid the achievements of classical 
political economy. The labour theory of value is completed, after Marx’s hints in 
Das Kapital , with the law of substitution. The latter states that, when interpreting 
value, one has to consider that the workers’ efforts in the production of things are 
substituted with the work of production equipment. A new important concept of 
substitutive work, as a value -creating production factor , was introduced and used 
to formulate the appropriate theory. The adequacy of the theory has been tested by 
using historical data for the U.S. economy. 

The book is written by a physicist for the scientifically literate reader who wishes 
to understand the principles of the functioning of a national economy. The book 
contains a discussion of conventional models (Leontief’s input-output model, the 
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classical Walras market theory and others) and can be considered as a textbook for 
students of various specialities who have the necessary preparation in physics and 
mathematics and a desire to study economic problems. I think the monograph could 
be interesting for energy specialists, who are engaged in planning and analysing the 
production and consumption of energy carriers, and for economists, who want to 
know how energy and technology are affecting economic growth. 

The appropriate formulation of the theory has a long history. This monograph 
was launched, in fact, as a revision and enlargement of my book Physical Principles 
in the Theory of Economic Growth , issued by Ashgate Publishing in 1999. How- 
ever, it appears that the proper description of the theory has required the text to be 
completely rewritten and new material to be added, so that I have the opportunity to 
present a new book with a new title. I have used this edition to clarify the concepts 
and methods of the theory as far as it was possible for me at the moment. 

I am grateful to many people who support and encourage me in my work. I espe- 
cially would like to separate a few persons, with whom I have had the opportunity 
to discuss many relevant topics: Robert Ayres, Bernard Beaudreau, Sergio Ulgiati, 
Andre Maisseu, Michail Gelvanovskii, Grigorii Zuev and Irina Kiselyeva. Some is- 
sues became clearer for me after a discussion on the generalised labour theory of 
value with members of the Socintegrum forum (http://socintegrum.ru/); I am thank- 
ful especially to Valerii Kalyuzhnyi and Grigorii Pushnoi. Finally, I would like to 
express special thanks to my editors Maria Bellantone and Mieke van der Fluit at 
Springer. 



Moscow, Russia Vladimir N. Pokrovskii 
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input-output matrix with components a - ; 
capital-output matrix with components bj ; 

labour productivity; 

primary energy used in production; 

primary substitutive work used in production; 

gross investment in production system; 

gross investment of product j ; 

gross investment in sector i ; 

gross investment of product j in sector i ; 

value of production equipment in production system; 

value of production equipment of kind j in production system; 

value of production equipment in sector i ; 

value of production equipment of kind j in sector i ; 

labour in production system; 

labour in sector i ; 

amount of circulating money; 

amount of circulating paper money; 

number of population; 

price of substitutive work as a production factor; 
price of product j ; 
substitutive work 

substitutive work in sector labelled j ; 
quantity of product j in natural units; 
value of stock of non-material product j ; 



1 Latin suffixes take values 1,2 , ,n and numerate products and sectors. As a rule, the upper suffix 
numerates sectors, the lower suffix numerates products. The rule about summation with respect to 
twice repeated suffixes is sometimes used. 

The chapter number and the number of a formula in the chapter are shown in references to 
formulae. 
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Chapter 1 

Introduction: Concept of Value and Production 
Factors 



Abstract It is enough to look at the contents of economic courses to become easily 
convinced that the common thing for all of them is 4 a substance’ of value. It is con- 
venient to use the name economic dynamics (econodynamics) for the discipline. It 
investigates the processes of emergence, motion and disappearance of value, just as 
hydrodynamics investigates processes of motion of liquids; electrodynamics, those 
of changing electric and magnetic fields; thermodynamics, processes connected with 
the motion and conversion of heat. In this chapter, the concept of value is reviewed, 
and the role of basic production equipment, as a set of sophisticated devices which 
allow human beings to attract energy from natural sources for the production of 
useful things, is discussed. 



1.1 A National Economy at a Glance 

The enormous growth of the human population through the centuries is connected 
with special features of the population. In contrast to any other biological population 
inhabiting the Earth, humans have invented highly sophisticated artificial means of 
supporting their own existence, while developing a great level of co-operation of 
members of their society. Since Palaeolithic times, clothing, shelter and fuel have 
become necessities of life almost as fundamental as food itself. Since Palaeolithic 
times the organisation of human society has also been progressing. 

Modern society presents itself as a huge hierarchal organisation, including the 
government, firms, banks, colleges, libraries and so on. It is a very complex organi- 
sation, and every one of the members of the society, in some way, is included in the 
system. The society, as an economic system, produces everything that is needed for 
survival of the community: both the means for supporting human existence and the 
means for generating such support. 

A huge amount of artificial things are accumulated by societies: buildings, trans- 
port routes, bridges, production equipment, energy supply systems, sanitation sys- 
tems and so on. Aside from the tangible things, a society accumulates a great amount 
of intangible objects: knowledge of the laws of nature, principles of organisation 
of society, items of literature and arts and so on. Both the tangible and intangible 
constituents of the wealth of the society are equally important for maintaining the 
existence of human communities. 

V.N. Pokrovskii, Econodynamics, New Economic Windows 12, 1 
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1 Introduction: Concept of Value and Production Factors 




Fig. 1.1 The architecture of a national economy. The central bank and commercial banks create a 
money medium for the activity of economic agents. The production system creates all products and 
generates the fluxes of products to workers and between production units. The fluxes of money, 
depicted in the picture, are moving in opposite directions. Households are buying products, and 
money is returning to the producers. The government receives its part of produced value in the 
form of taxes, which, in different amounts, are returning to the economic agents. Each flux of 
money is a result of negotiation and agreement between corresponding agents 



All (tangible and intangible) objects have been created by the production sys- 
tem of the society, which includes firms, plants, institutes, schools and so on. The 
production system takes minerals and ores from the environment, transforms natu- 
ral substances into finished and semi-finished things, the latter are transformed into 
other things and so on, until all this is finally consumed, and the substances are 
returned into the environment as waste. This is the material side of production. 

To discuss the mechanism of motion of products, one needs to consider hu- 
man beings, and their desire to consume and, consequently, to produce. In devel- 
oped societies, man does not consume only those products which he produces. 
The exchange of products, which, in fact, is the exchange of efforts, is a general 
phenomenon in modem societies. Man exchanges his services for an intermediate 
product — money — and then exchanges the money for products he wants. Therefore, 
simultaneously with the motion of products, one discovers the motion of money, 
which has to be considered as a separate, special product. The money is circulating 
in the economy, providing the exchange of products. Modern money is paper money 
and records on the accounts in the central and commercial banks and, thus, is inher- 
ently useless. Modern money is nothing more than a certificate that its owner has a 
right to get a certain set of products. The value of modem money derives only from 
the fact that it can be exchanged for the product. 





1 .2 The Concept of Value 
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The real production and the money system are intervened with each other, thus 
one can think that an appropriate description can be achieved when these phenom- 
ena are studied together. One can consider the production system and population 
as being immersed in a money system of the society, as shown schematically in 
Fig. 1.1. The money medium is created by the government, the central bank and 
many commercial banks. The central bank issues the bank notes and coins — the 
primary money — which is distributed to the commercial banks. The mechanism of 
issuing assumes that all paper money is circulating among economic subjects: prac- 
tically no paper money is contained in commercial banks. The central bank also 
provides commercial banks with credits, so that the commercial banks can provide 
the customers with credit money. The records on the accounts of customers are non- 
paper money, which are created by the commercial banks. The central bank and 
commercial banks introduce an uncertain amount of the circulating money in coins, 
bank notes and cashing deposits in the system consisting of the government and the 
many customers of the commercial banks. 

The subject of discussion in the proposed monograph is a theory of the social 
production system, and the latter is represented by many interacting enterprises. The 
architecture of the production system appears complex, but in a simple approach the 
production system can be considered as a set of the interacting pure sectors. In the 
most elementary case the production system can be considered as the only sector. 
This heuristic model of the society allows us to develop the theory of the production 
system in a simple, so-called macroeconomic approach. 



1.2 The Concept of Value 

The notion of product appears to be one of the fundamental concepts of economic 
theory. It can be defined as something which is produced to be consumed. It does 
not matter whether the moment of consumption coincides with the moment of pro- 
duction as, for example, in the case of transport services, or does not coincide. In 
the latter case the product exists for some time in its material or non-material form. 
Also it is insignificant whether the product is intended to satisfy the needs of the 
producer or is prepared for sale. 1 



x Let us pay attention to the distinction of the concepts of a product and a commodity. The latter is 
defined as something that is made for sale that is for an exchange at which value is disposed. From 
here some people wrongly conclude that the thing made for the producer’s consumption does not 
possess value. This statement has been rejected by Marx [1, Chap. 1, Sect. 4]: “Since Robinson 
Crusoe’s experiences are a favourite theme with political economists, let us take a look at him on 
his island. Moderate though he be, yet some few wants he has to satisfy, and must therefore do a 
little useful work of various sorts, such as making tools and furniture, taming goats, fishing and 
hunting. Of his prayers and the like we take no account, since they are a source of pleasure to him, 
and he looks upon them as so much recreation. In spite of the variety of his work, he knows that 
his labour, whatever its form, is but the activity of one and the same Robinson, and consequently, 
that it consists of nothing but different modes of human labour. Necessity itself compels him to 
apportion his time accurately between his different kinds of work. Whether one kind occupies a 



